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Abstract
Previous reviews of Middle Neolithic agricultural practice (4400–3500 cal bc) in southern France have highlighted a change 
in crop assemblages after 4000 cal bc, with a reduction of naked wheat and an increase of emmer and partly of einkorn. 
The recent investigation of three wells from the site of Les Bagnoles (4250–3800 cal bc) in the periphery of the southern 
Rhône valley yielded an unprecedented amount of waterlogged uncharred and charred plant macro remains that offer new 
insights into crop diversity and its changes over time. The results from the wells at Les Bagnoles were compared with other 
dated sunken features from open-air sites (in contrast to caves and rock shelters), with the aim of identifying patterns sug-
gesting changes in the crop spectra between the early (MN1) and late (MN2) Middle Neolithic phases from taphonomically 
comparable contexts. The results from Les Bagnoles demonstrate that oil crops and pulses are underrepresented in dry sites 
and that they were a significant part of Middle Neolithic agriculture. They also indicate an increase in the representation of 
einkorn (instead of emmer) during MN2 that is also visible in other open-air sites. The comparison of the archaeobotani-
cal results with silo storage capacity values as a proxy for average production capacity per household leads us to propose a 
possible drop in naked wheat productivity and opens new questions in factors affecting crop choice at the beginning of the 
4th millennium cal bc.
Keywords Pits · Neolithic storage · Crop diversity · Wells · Waterlogged preservation
Introduction
Middle Neolithic farming practices in southern France have 
received the attention of archaeobotanists in the last dec-
ades, either as site publications, reports or as reviews at a 
site scale (Phillips 1982; Marinval 1988a, b, 2003; Heinz 
et al. (1992; Beeching et al. 2000; Savard 2000; Thiébault 
et al. 2004; Vital et al. 2007; Martin et al. 2016; Bouby 
et al. 2018; Antolín et al. 2020b), but large-scale detailed 
analyses at a context level have not been undertaken to date. 
One of the reasons that explain this broad-scale approach 
is the existence of much data in old reports resulting from 
grab or non-systematic sampling, sieving with large mesh 
sizes, and/or works where the methodology is not clearly 
presented. However, efforts are being made to undertake a 
more accurate regional study of the Middle Neolithic period 
in south-eastern France (Martin 2014). The last review by 
Martin et al. 2016 suggests important changes in the crop 
spectrum which occurred at a site scale after 4000 bc, with 
a reduction of naked wheat in favour of glume wheats, par-
ticularly emmer. One of the questions raised in that paper 
concerns the type of naked wheat that was grown in the 
Mediterranean areas of France, whether the tetraploid or 
the hexaploid type. The lack of chaff remains at the investi-
gated sites made it impossible to characterise this crop to its 
ploidy level. The second question is about the reasons for the 
changes in crop choice. According to several authors (Del-
hon et al. 2009; Beeching and Brochier 2011, pp 146–150), 
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the expansion of farming before 4000 bc may be due to a 
climatic stabilisation. Conversely, several hypotheses have 
been proposed for the period after 4000 bc, such as increased 
soil erosion due to the possible human use of fire or natural 
fires; or a period of global cooling and hydrological changes 
(Magny and Haas 2004; Delhon et al. 2009, p 62) along with 
a regional demographic decline (Beeching 2002; Berger 
et al. 2019). At this juncture, a site with excellent preserva-
tion of archaeobotanical remains brought a new perspective 
to the existing dataset. Les Bagnoles (L’Isle-sur-la-Sorgue, 
Dépt. Vaucluse, Provence-Alpes-Côte d’Azur) revealed three 
wells with waterlogged deposits that contained charred and 
uncharred plant remains from three different time spans 
during continuous occupation within the Middle Neolithic 
period, hence being the perfect site to target both of the 
questions posed above.
The Middle Neolithic of southern France is usu-
ally divided into two phases: Middle Neolithic 1 (MN1) 
4400–4000  cal bc and Middle Neolithic 2 (MN2) 
4100–3500 cal bc (van Willigen et al. 2020b). MN1 is com-
posed of different groups of communities defined by pottery 
styles such as pre-Chassey or early Chassey culture (Ger-
nigon 2014), with sites such as Pendimoun (Binder et al. 
(1993), Giribaldi (Thiébault et al. 2004) and Fontbrégoua 
(Savard 2000). Another group is Saint Uze, with sites such 
as Plateau Raverre (Beeching et al. (1997), Gardon (Bouby 
2009) and Chenet des Pierres (Martin et al. 2008); another 
pottery typology group is Montbolo, with the site Montou 
as one example (Buxó 2006). In this period, the open-air 
sites are close to alluvial terraces and open areas, sites 
such as Plots, Abri Font Juvenal, Le golf Auriac, Le Crès, 
Encombre, Saint Antoine and Le Pirou (Martin et al. 2016). 
The Middle Neolithic 2 period (4100–3500 cal bc) includes 
pottery style groups attributed to Late Chassey, La Roberte 
(van Willigen et al. 2014) and Neolithic Moyen Bourguigon 
(Sénépart et al. 2014), from different sites such as ZAC Saint 
Antoine II and Le Moulin (Martin et al. 2016). All the sites 
mentioned above have provided archaeobotanical data.
Over 70 Middle Neolithic sites with archaeobotanical 
data are known from the whole of France, among which 
the most frequent ones are open-air sites followed by cave 
sites (Martin et al. 2016). In this paper, we will focus on the 
open-air sites since the Les Bagnoles site is included in this 
category, while cave sites were excluded from the analysis 
due to their different taphonomy and uses (Martin 2014; 
Jacomet 2020). Open-air sites of this period in southern 
France have no clear evidence of structures that define the 
extent of the site, and they are mainly composed of negative 
(sunken) features in the subsoil such as pits, silos (storage 
pits) and wells (Thirault and Remicourt 2014; Giligny and 
Sénépart 2018). Evidence of water management, such as 
wells, starts to be more frequent during the Neolithic period, 
and is normally associated with a more sedentary life and 
a more fixed economy such as agriculture and animal hus-
bandry. Several Early Neolithic wells have been found in 
more northern parts of Europe (Tegel et al. 2012) and in 
southern France (Thirault and Remicourt 2014, p 236), and 
their archaeobotanical investigation has provided important 
additions to the available information on farming practices 
in those areas (Herbig et al. 2013).
Underground silo pits are the most common type of stor-
age technology found archaeologically around the Mediter-
ranean (Sigaut 1988). Therefore, they are the only features 
that allow large-scale quantitative analyses of volumetric 
capacity informed by consideration of silo shape, to provide 
insight into the cultural, technological and economic organi-
sation of agricultural societies (Prats et al. 2020). There have 
been few systematic silo studies on Neolithic sites, although 
pioneer research was done in our study area by Beeching 
et al. (2010). A systematic study of prehistoric silo pits was 
done in previous work focused on Catalonia, north eastern 
Iberian Peninsula (Prats 2017), and we are currently expand-
ing it to other areas including southern France (Antolín et al. 
2018). During this work, it was observed that silo capacities 
in the Neolithic are significantly lower than in later periods 
in prehistory and that there is a progressive increase in their 
mean volume from 580 L in the Early Neolithic to 800 and 
950 L in the Middle and Late Neolithic respectively. Archae-
ological and ethnographic research has tended to establish a 
direct relationship between storage capacity and immediate 
field production, that is to say, the yield of each harvest and 
the area which was cultivated (for example, Sharples 1991).
Consequently, we decided to work with the mean storage 
capacities per period as a proxy for productivity, thus avoid-
ing the interpretation of single values. The results from Cata-
lonia were interpreted as an increase in production capacity 
of households during the Neolithic period (Prats et al. 2020). 
Nevertheless, this interpretation is never straightforward, 
since the stored volume always depends on the type of crops 
and the form in which they were stored, so that naked wheat 
was usually stored as a cleaned product, but glume wheats 
usually as spikelets, which makes them more pest-resistant 
(Jones et al. 1986). Whole spikelets occupy at least double 
the volume of cleaned grain, as experiments suggest (Alonso 
et al. 2013; Cappers et  al. 2013) and hence the storage 
space needed is larger for the same amount of grain. Since a 
change in crop assemblages toward more glume wheats has 
been detected in our study area according to previous work, 
the mean capacity values of underground storage pits may 
show a consequent increase in volume during phase MN2, 
if household productivity and the organisation of storage 
stayed constant during this change.
In this paper, the archaeobotanical data from the three 
wells at Les Bagnoles are presented and these results are 
then integrated into a regional contextual comparison of 
archaeobotanical evidence from taphonomically comparable 
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features such as pits/silos and wells. The goals of this com-
parison are to reflect on the representativeness of the data 
generated by the wells at Les Bagnoles; to understand if 
there is any pattern of distribution between the various crops 
at the structure level and to see if there was any change with 
time between MN1 and MN2. In order to discuss potential 
causes for changes in farming practices during the Middle 
Neolithic period, we will include an evaluation of under-
ground storage capacity as a proxy for productivity.
Materials and methods
The Les Bagnoles site
The archaeological site of Les Bagnoles is located 2.5 km 
southwest of L’Isle-sur-la-Sorgue, Dépt. Vaucluse (Fig. 1), 
on alluvial soils (Sargiano et al. 2010), within a mosaic of 
plant communities that go from woods by rivers to wet and 
dry grasslands as well as ruderal vegetation connected to 
human impact on the landscape (Jacomet 2020). The site 
was found in 2006 and excavated scientifically between 
2012 and 2015 by Landesmuseum Zürich (Swiss National 
Museum) and the Universities of Basel and Aix-Marseille 
(van Willigen et al. 2020a). Several phases of occupation 
were detected, dated to the Middle Neolithic, Bronze Age, 
Iron Age, Gallo-Roman and modern periods, mainly as 
negative structures, such as pits, silos, post holes and wells 
(site plan, ESM Fig. 1, well 250, ringed in red, above, and 
wells 990 and 994 below; Denaire and van Willigen 2020). 
In this paper, we will focus on the three Middle Neolithic 
wells (structures 250, 990 and 994) dated between 4250 
and 3700 cal bc because they offer a unique record of crop 
remains (well sections, ESM Fig. 2). All wells lacked any 
sort of lining.
The wells were dug in spits (artificial levels) of 20 to 
10 cm. Structure 250, more than 3 m deep, was excavated 
in two halves (ESM Fig. 2a). The southern half was dug 
first, in spits of 15–20 cm, while the northern half was 
dug in spits of ca. 10 cm. Due to the higher precision 
of the sampling, the northern half was prioritised. Addi-
tionally, samples from a test core were also investigated. 
Permanently waterlogged deposits were reached at a depth 
of 2.5 m, although the water table could have been often 
much higher in the past. Structure 990 was 3.3 m deep 
and the lower part of the well was sampled in spits of 
10 cm for the whole well, but not in halves, due to the dif-
ficulty of working at such a depth (ESM Fig. 2b). A core 
sample was also taken. Finally, Structure 994 was more 
than 3.1 m deep and sampled in the same way as well 990 
(ESM Fig. 2c). The archaeobiological sampling of wells 
990 and 994 concentrated on the waterlogged layers, and 
all the sediment was kept for further scientific analyses. 
The wells contained large amounts of pottery, flint, animal 
bones and dung, suggesting daily refuse deposits (Antolín 
et al. 2020a, c).
Well 250 is radiocarbon dated to ca. 4250–4050 cal 
bc, well 990 to 4050–3980  cal bc and well 994 to 
3940–3780 cal bc (Table 1; Martínez-Grau et al. 2020).
Fig. 1  Map showing all the sites 
in southern France discussed in 
the paper
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Archaeobotanical analyses from Les Bagnoles
The sediment samples were pre-treated with a water sof-
tener (Calgon) if samples were sieved in the field or by 
freezing and thawing (Vandorpe and Jacomet 2007). The 
latter method was used particularly for the waterlogged 
sediments. These were then sieved with the wash-over tech-
nique (Steiner et al. 2015) and the different fractions (> 4 > 1 
and > 0.35 mm) were sorted under a stereo microscope. The 
0.35 mm fractions were subsampled with the grid method 
(van der Veen and Fieller 1982) and ca. 10 ml of residues 
were sorted. The resulting data were added to the ArboDat 
2018 database (Kreuz and Schäfer 2002). Cereal identifi-
cation criteria follow available literature (Jacomet 2006). 
This study uses the traditional nomenclature of Zohary 
et al. (2012) for crops. Only grains with embryo ends were 
counted (Jones 1990) and only nodes of free-threshing 
rachis remains or glume bases for glume wheats (Hillman 
et al. (1996). Cf. Pisum sativum (pea) pod fragments were 
counted if the fragments were larger than 12  mm2 (Fig. 2k) 
(description of these remains in Antolín and Schäfer 2020). 
Wild plants are not the object of study of this paper and are 
not included here, but the preliminary results were recently 
published (Antolín et al. 2020a, c; Jacomet 2020).
All in all, 65 samples from the three wells were analysed, 
adding up to more than 500 L of sediment. For most spits in 
the permanently waterlogged parts of each well, up to eight 
buckets (8 L each) of sediment were sieved, although only 
one or two of these were analysed. The analyses presented 
here are only a fraction of the total contents of the wells, 
and the screening of the remaining samples in the future 
may provide additional interesting finds such as extra cereal 
grains, charred seeds of pulses or large-seeded fruits. This 
paper therefore focuses on the general trends of the main 
crops. Each well is presented here as one feature since the 
samples were relatively homogeneous and no internal stra-
tigraphy was observed in the waterlogged deposits (Table 1).
Regional comparison of archaeobotanical data 
and silo pits
Data from a total of 48 Middle Neolithic sites in southern 
France were included in the on-going AgriChange project 
database (Antolín et al. 2018). Of these sites, 27 are open-air 
sites, 15 caves, two shelters and three lakeshore settlements. 
All the sites yielded charred material but only three provided 
waterlogged plant remains, always from well contexts, Les 
Bagnoles, Clos de Roque and Mas de Vignoles IX. For this 
paper, we will focus on the open-air sites (Fig. 1) with pits, 
silos and wells as long as the data are available at a feature 
level, along with a clear chronology, either from radiocar-
bon dating or by pottery typology (Table 2). The data are 
organised according to the type of structure (well, pit/silo) 
and comparisons are made between each type of feature per 
phase and between the two phases of the Middle Neolithic 
period. The sites of Clos de Roque and Mas de Vignoles IX 
are both dated later than the MN2 period (ca. 3500 bc). They 
were, however, included in our analyses since there are only 
a few wells with waterlogged material, and they contributed 
significantly to the purposes of the paper. These sites are 
often integrated into syntheses about this period (van Wil-
ligen et al. 2014; Martin et al. 2016; Antolín et al. 2020b).
For incomplete grains, the total number of fragments 
of each taxon was divided by four and then added to the 
total of complete grain counts for the quantitative analyses. 
All barley identifications were grouped into one category, 
Hordeum distichon/vulgare, but it includes H. ssp. vulgare, 
H. ssp. nudum, Hordeum sp. and Hordeum remains (cfs). 
Grain counts were mostly used because chaff remains were 
only rarely found. Chaff was only used when there were no 
charred grains from sites with waterlogged material such as 
Clos de Roque, except Les Bagnoles.
Frequency per structure at a site level was used to pro-
duce bar plots that summarise the trends per phase, which 
Table 1  Dates on seed and fruit remains from the wells at Les Bagnoles by ETH, Zürich
Calibrated with OxCal v. 4.3.2 (Bronk Ramsey 2017) and IntCal13 atmospheric curve (Reimer et al. 2013)
*Interpreted as an error or a contamination
Lab.code Sample No Taxon dated Age (yrs bp) cal bc (2σ) References
ETH-60868 Str 250 P11 Corylus avellana 5,306 ± 27 4233–4048 Martínez-Grau et al. (2020)
ETH-60867 Str 250 P11 Cerealia 5,331 ± 27 4252–4051 Martínez-Grau et al. (2020)
ETH-60870 Str 250 P12 Triticum sp. 5,302 ± 31 4237–4042 Martínez-Grau et al. (2020)
ETH-60871 Str 250 below P13 Cerealia 5,323 ± 31 4252–4047 Martínez-Grau et al. (2020)
ETH-88901 Str 990 P70 Triticum aestivum/durum/turgidum 5,226 ± 25 4219–3969 Martínez-Grau et al. (2020)
ETH-88904 Str 990 P25 Triticum aestivum/durum/turgidum 5,213 ± 25 4048–3968 Martínez-Grau et al. (2020)
ETH-88902 Str 994 P42 Triticum monococcum 5,027 ± 26 3943–3714 Martínez-Grau et al. (2020)
ETH-96173 Str 994 P45 Triticum cf. monococcum 5,096 ± 28 3966–3800 Unpublished
ETH-88903* Str 994 P44 Triticum aestivum/durum/turgidum 5,874 ± 25 4796–4693 Martínez-Grau et al. (2020)
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Fig. 2  Archaeobotanical finds from the wells at Les Bagnoles. a Triti-
cum cf. durum/turgidum (rachis segments, waterlogged); b Hordeum 
distichum (naked) (rachis segment, waterlogged); c H. vulgare var. 
nudum (rachis segment, charred); d group of rachis segments of T. 
cf. durum/turgidum (waterlogged); e T. monococcum (spikelet fork, 
waterlogged); f T. monococcum (spikelet, charred); g Triticum sp. 
new type (spikelet fork, charred); h Papaver somniferum ssp. som-
niferum/setigerum (seeds, waterlogged); i cf. Pisum sativum (pod 
fragments, waterlogged); j Linum usitatissimum (seed, waterlogged); 
k L. usitatissimum (capsule segments, waterlogged). Photos by Raül 
Soteras
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Table 3  Total results of the identification of cereal and fruit remains of cultivated plants from the three wells at Les Bagnoles
 Vegetation History and Archaeobotany
1 3
represents most accurately the recurrence of the use of a 
crop taxon within each particular phase at the sites (Popper 
1988).
In order to see if these recurrences had a direct expression 
in the number of grains per crop found per site, we calcu-
lated proportions of each crop type for all features with at 
least 30 identified cereal grains. For the first phase MN1, 
material from six features and for MN2, five features were 
available. These results were again drawn as bar plots with 
the standard deviation shown.
Analysis of storage capacity
Due to the lack of the original ground surface at most open-
air sites excavated in our study region, storage features can 
only be analysed as isolated contexts and not in relation to 
dwellings or similar features. We cannot be sure if a silo 
could be related to only one household and that is why we 
are not interpreting isolated values, but observing the gen-
eral trend for each of the two chronological phases, as in 
Prats et al. (2020).
Underground storage features from the analysed sites 
were classified typologically and their capacity was calcu-
lated (for the methodology, see Gilabert 2009; Prats 2017; 
Prats et al. 2020), to correlate it with any potential changes 
in the crop assemblage. The resulting volume values are 
inevitably an underestimate of their real storage capacity 
(Bogaard et al. 2009).
We initially considered a total of 91 underground fea-
tures with a clear chronology, with a < 3.5 top diameter/
depth index (D–D index) and with a depth of more than 
35 cm. Most of the Middle Neolithic pits are bell-shaped 
(ESM Fig. 3), as observed in Catalonia (Prats 2017), so this 
will not be further discussed here. From MN1, 28 features 
from three sites, Encombres, Le Champ du Post and ZAC 
Saint-Antoine II were analysed with an average depth of 
55 cm and average D-D index of 2.5 (Fig. 1). From MN2, 
63 structures from seven sites, Barreau de la Devèze Sud, 
Boulevard périphérique Nord de Lyon, Claparouse, Jardins 
de Vert Parc, Les Bagnoles, Les Moulins and ZAC Saint-
Antoine II, were analysed, with an average depth of 72 cm, 
average D-D index of 1.5 and with better preservation than 
the MN1 features.
Results
General results from Les Bagnoles
Overall, 844 remains of charred cereal grains, 1,291 charred 
and almost 9,500 waterlogged chaff remains were found 
(Table 3, photos of a selection of remains in Fig. 2). Oil 
plants and pulses were mostly identified from waterlogged 
remains (837 waterlogged remains, eight charred). Up to 
six cereal taxa were identified, barley (identified as Hor-
deum distichon/vulgare, but mostly belonging to six-rowed 
naked barley), with the presence of the two-rowed type as 
shown in Fig. 2b, c. Naked wheat included both types of 
chaff remains, hexaploid T. aestivum-type and the tetraploid 
durum/turgidum-type, the latter being overwhelmingly dom-
inant. Glume wheats were found, such as Triticum dicoccum 
(emmer), T. monococcum (einkorn) and the new type glume 
wheat (Triticum sp. new type), which are shown in Fig. 2. 
Free threshing cereals (barley and naked wheat) are in gen-
eral better represented than glume wheats, in a proportion 
of 8:1 for grains and 5:1 for chaff remains, both charred and 
waterlogged. Fragments of the ear base were found in all 
wells, as well as straw nodes both charred and waterlogged. 
Waterlogged cereal pericarp and testa fragments, mostly 
not identifiable to species level, were also recovered. Three 
species of pulses were found, Lens culinaris (lentil), Pisum 
sativum (pea) and Vicia cf. faba (broad bean), but the num-
ber of finds was very low. Only cf. Pisum sativum (pea) pod 
fragments were found in significant numbers. Two oil plants 
were almost exclusively represented by waterlogged remains 
of Linum usitatissimum (flax) and Papaver somniferum ssp. 
somniferum/setigerum (possible opium poppy) (Fig. 2h-j).
Well 250 (ca. 4250–4050 cal bc)
Naked wheat grains are dominant in this well, followed by 
barley, while glume wheat grains are very rare (Fig. 3a). 
Among the oil plants and pulses, opium poppy is the best 
represented, while this is the only well from which lentil has 
been found at Les Bagnoles.
Well 990 (4050–3980 cal bc)
Hordeum (barley) is clearly dominant in this feature, both in 
grain and chaff remains, followed by Triticum (naked wheat). 
Charred chaff remains of barley are as well represented as 
naked wheat, while glume wheats reach ca. 10% of the total 
remains (Fig. 3b). Uncharred chaff remains show a more 
explicit dominance of barley, followed by naked wheat and 
a more important representation of glume wheats (15%). 
The new type glume wheat was also found in this well. Pea 
was the dominant pulse in this well, although it also yielded 
the only find of Vicia faba (broad bean) from the site. Both 
capsule and seed remains of Linum (flax) were found in this 
well, also more than 50 seeds of opium poppy.
Well 994 (3940–3780 cal bc)
The most recent well shows a clearly different crop spec-
trum, with an equal representation of all cereal groups. In 
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fact, chaff remains of glume wheats are dominant both in the 
charred and the uncharred record (Fig. 3d). Naked wheat is 
particularly badly represented among the chaff remains. Oil 
plants and pulses were recorded in small amounts (Table 3).
Discussion
The crops from the wells at Les Bagnoles 
in the context of the Early and Middle Neolithic 
of southern France and adjacent regions
Thousands of uncharred waterlogged chaff remains from 
naked and glume wheat and also from barley, along with 
abundant finds of oil plants and pulses, were found from 
the wells at Les Bagnoles. Neolithic sites with waterlogged 
preservation are rare in Mediterranean Europe, and dry sites 
often reveal a limited insight into plant economy due to 
taphonomic factors. This makes the findings from Les Bag-
noles unique and provides a new insight into crop diversity 
during the Middle Neolithic period in southeastern France.
The infillings of the wells represent accumulations of 
refuse during the immediate period after the last use of the 
wells for their original purpose. Besides plant finds, large 
amounts of animal remains (mostly bones, but also dung 
of vertebrates and large amounts of invertebrates, mainly 
insects), pottery, grinding stones, etc. were recovered from 
these features, suggesting their closeness to the living area 
(for a discussion of the possible origin of well infillings see 
Jacomet 2020 and the literature cited there). Therefore, the 
contents of the wells inform us about domestic economic 
practices as may do other negative features such as pits and 
silo pits, which were filled with deposits of secondary refuse 
(Kreuz 1990; Schiffer 1991; LaMotta and Schiffer 2002; 
Fuller et al. 2014), with the added benefit of having water-
logged plant remains preserved. Such waterlogged features 
offer excellent preservation conditions, which allow not only 
the preservation of a considerable number of charred grains 
and abundant chaff remains, but particularly also uncharred 
waterlogged chaff.
Barley is one of the best represented crops at the site. 
Chaff remains suggest the presence of mostly six-rowed 
naked barley in all the Les Bagnoles wells, but two-rowed 
barley was also present. The presence of both types of barley 
during the Middle Neolithic in the area had not yet been 
noticed before, mainly due to the scarcity of chaff remains 
in the archaeobotanical record. Barley seems to have spread 
in the northwestern Mediterranean area since the Early 
Neolithic period in the first Impressa culture sites (ca. 
5850–5650 cal bc) in southern France (Bouby et al. 2020a). 
Ear and rachis fragments of two-rowed barley (unclear if 
hulled or naked) were recorded from La Draga in Banyoles, 
Spain, belonging to the Cardial culture (ca. 5400–5000 cal 
bc) (Antolín et al. 2014, 2015). However, only a few barley 
rachis remains have been recovered from the Middle Neo-
lithic sites of the northwestern Mediterranean, and these 
were not identified to variety level (Antolín 2016), although 
they seem to be of the six-rowed type, as suggested in the 
recent study of the site of Auvelles (Castelló de Farfanya, 
Catalonia) (Antolín in press).
Naked wheat also spread quickly across the western 
Mediterranean since the early Neolithic, mostly the tetra-
ploid type (Triticum durum/turgidum), found at sites such 
as La Marmotta (Lago di Bracciano, Italy) (Rottoli 1993) 
and La Draga (Llac de Banyoles, Spain) (Antolín et al. 
2014). Possible rachis fragments of the hexaploid type 
were reported from La Draga, just like the ones found 
from Les Bagnoles, mixed with the dominant tetraploid 
ones. The presence of both types of naked wheat together 
has long been known from the circum-Alpine Neolithic 
pile dwellings (Schlumbaum et al. (1998), although the 
tetraploid type was also strongly dominant there. Thus, 
we can confirm that tetraploid naked wheat was present in 
southern France and probably dominant over other naked 
wheats during the Middle Neolithic, which was not known 
until now due to the scarcity of chaff remains at previously 
investigated sites, as reported by other authors (Martin 
et al. 2016).
Fig. 3  Proportions of the most important cereal taxa from Les Bag-
noles according to a charred grains; b cereal charred chaff remains; 
c number of remains found per well of the main pulses and oil crops 
(only waterlogged remains); d uncharred (waterlogged) chaff remains
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The results of Les Bagnoles indicate a significant 
increase of einkorn in the most recent well, dated to ca. 
3950–3750 cal bc (MN2). Earlier results have shown that 
during the early Neolithic (5th millennium bc) these glume 
wheats had considerable importance in the area investigated, 
but then during MN1 they became rare, before they regained 
importance during MN2 (Bouby et al. 2020a; de Vareilles 
et al. 2020). This increase coincides with general observa-
tions based on grain counts from sites in southern France 
(Martin et al. 2016; Antolín et al. 2020b), which suggest 
a revived focus on glume wheats. In order to avoid tapho-
nomic biases, we will test this hypothesis using a contextual 
approach, by using only negative features such as wells and 
pits in the following section (as in Jesus et al. 2020).
Until now, the new type of glume wheat had only been 
found at a Middle Bronze Age site (ca. 1500 bc) in south-
ern France (Toulemonde et al. 2015), while Neolithic finds 
seemed to be restricted to the Linearbandkeramik (LBK) 
area. The recent finds of this taxon in northern Italy (Rottoli 
and Castiglioni 2009) and other Mediterranean sites such as 
La Draga and Can Sadurní in Catalonia (Antolín et al. 2015; 
Antolín 2016) show that it was present in the area since the 
6th millennium bc, but probably not as a crop on its own. 
This is presumably also the case at Les Bagnoles, judging 
from the available evidence.
The results from Les Bagnoles are even more relevant 
regarding pulses and oil plants. Pulses have already been 
found from other sites, particularly Lathyrus cicera/sativus 
(pea, grass pea) and Vicia sativa (common vetch), but the 
numerous waterlogged probable pea pod fragments found at 
Les Bagnoles show that their importance is clearly underes-
timated in the charred record. In addition to this, one seed 
of Vicia faba (broad bean) was also recovered, which had 
not been identified to date in this region (Martin et al. 2016). 
The abundant remains of Linum (flax) seeds and capsule 
segments and Papaver somniferum (opium poppy) also sug-
gest that their importance in the economy was greater than 
originally considered, because they are rarely preserved at 
dry sites (Jacomet 2013).
Importance of crops at Les Bagnoles compared 
to other Middle Neolithic wells and pits in southern 
France
In order to discuss the representativeness of the data on crop 
changes obtained from the wells at Les Bagnoles in the con-
text of southern France as a whole, we compared first the 
results from other wells in the region and then from other 
negative features, as taphonomically comparable deposits.
Sites with waterlogged deposits are extremely rare in 
southern France. As already mentioned, there are only the 
wells at Mas de Vignoles (Nîmes) (Figueiral and Séjalon 
2014) and Clos de Roque (Saint-Maximin-la-Ste-Baume, 
Dépt. Var) (Martin 2012). However, little is known about 
the methodologies used for sampling and processing the 
waterlogged plant remains from these sites. Only the well 
of Clos de Roque yielded waterlogged plant remains in high 
numbers. Unfortunately, the sieved fractions were dried, 
which probably destroyed all fragile plant remains such 
as chaff fragments (for a discussion of this topic see Tolar 
et al. 2010). Both wells also provided a very small amount 
of charred cereal remains, which renders them irrelevant for 
the characterization of cereal agriculture in the Neolithic 
period (Table 4). The scarcity of charred material from Mas 
de Vignoles led the authors to suggest that food prepara-
tion was not taking place near the wells and that the lack of 
material indicates that these structures were on the periphery 
of the living area (Figueiral and Séjalon 2014, p 33). Con-
versely, Papaver seeds (presumably uncharred) were found 
from both wells, confirming the importance of poppy and its 
consistent underrepresentation at dry sites due to preserva-
tion and recovery issues. Pulses were not reported from the 
wells at Clos de Roque and Mas de Vignoles IX.
The data from Les Bagnoles, with abundant waterlogged 
remains of chaff and presence of pulses and oil plants, have 
more in common with the lakeshore sites of different parts 
of Europe, such as the Jura region in France, in Switzer-
land and in southern Germany (for example, Maier 2001; 
Jacomet 2007, 2014). This dissimilarity with other wells in 
southern France may be due to methodological reasons and 
it probably suggests that if more wells had been properly 
excavated and sampled, supraregional comparisons between 
these areas would be possible.
The charred archaeobotanical record from Les Bagnoles 
was compared on a regional level with southern France, cal-
culating both the ubiquity (presence) and the proportion of 
remains of each crop per site. The sites are grouped chrono-
logically into MN1 or MN2, as shown in Table 2.
The calculation of ubiquities at a feature level resulted 
in the same trend as observed from Les Bagnoles, with a 
decrease in naked wheat (and emmer), similar importance 
of barley and a significant increase in einkorn (Fig. 4a). 
This suggests that the observed trend is representative at 
the level of the domestic economy, since ubiquity values 
best reflect the repetition of activities in the past. In order to 
confirm this, we calculated the average proportions of the 
same crops at a structure level, only using features with 30 or 
more crop remains, now including Les Bagnoles to make the 
dataset more solid (Fig. 4b). The decrease in naked wheat 
and the increase in einkorn are also clearly visible using this 
approach, and it therefore confirms the previously observed 
trend. This is in slight disagreement with the increase of 
emmer proposed by Martin et al. (2016), which could be 
due to our different approach and focus on open-air sites.
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Possible reasons for the change in crop choice 
at the beginning of the 4th millennium bc
The increase in the presence of glume wheats has been dis-
cussed already. Martin et al. (2016) propose some possible 
causes, such as cultural contacts, expansion of farming on 
to poorer soils, environmental changes or techno-economic 
changes.
Cultural contacts are indicated by finds which show the 
exchange of materials such as pottery, raw materials and 
stone objects. Examples of these are found from throughout 
the Neolithic period and normally associated with rivers as 
exchange routes such as the Rhine and also the Mediter-
ranean coastline (Denaire et al. 2011). According to evi-
dence from MN2 burials there are clear signs of exchanges 
between northern Italy, Catalonia and Switzerland; differ-
ences in the funerary practices in southern France also show 
distinct regional groups within the late Neolithic “classic 
Chassey” culture such as the Rhodanien Chassey and the 
Bize group (Vaquer 2014). There is little evidence of house 
plans in southeastern France, however the few which are 
available show cultural influences from Switzerland (Cor-
taillod culture) and from northern Italy (Chassey-Lagozza 
culture) (Saintot et al. 2009, p. 120; Giligny and Sénépart 
2018, pp. 35–42). The presence of Chassey pottery and 
artefacts in the Sepulcres de Fossa communities in Catalo-
nia demonstrate exchange between these two groups (Mes-
tres and Tarrús 2016), as well the presence of pearls made 
of variscite (a phosphatic mineral) from Gavà (Spain) in 
MN2 burials in southeastern France (Vaquer 2014, p. 2). 
The archaeobotanical record from the Middle Neolithic in 
Catalonia is dominated by naked barley and naked wheat 
(Antolín in press; Antolín et al. 2015, 2018), so it is unlikely 
that cultural contacts with this region favoured the choice of 
glume wheats over free-threshing cereals. Unfortunately, the 
archaeobotanical record in northern Italy is poorly known, 
and we cannot be sure if glume wheats could have arrived 
from that region (Rottoli and Castiglioni 2009). Current 
analyses on the lakeshore site of Isolino di Varese suggest 
that this possibility exists (Antolín, unpublished). Influences 
from the western Balkans could possibly explain the cultural 
factors affecting crop choice in northern Italy, considering 
the state of research for this period (Reed 2016), but much 
more research is needed on northern Italy to show that this 
was the case. In such a hypothetical scenario, the contacts 
between northern Italy and southern France could also have 
favoured the increased presence of glume wheats in the lat-
ter region, but this is currently a matter of pure speculation. 
In fact, glume wheats were always present to some degree 
in the region, so external influences might not be the only 
reason for an increase in these crops. This could also be due 
to changes in preferences and uses of the crop by-products, 
for instance. As indicated by Bouby et al. (2020b), einkorn 
was still an important crop in southern France during the 
Late Neolithic (3500–2200 bc), with an apparent lack of 
correlation with climatic events, which would suggest that 
the choice could have been just a matter of a greater inter-
est in this crop. Ethnographic studies show that einkorn is 
used nowadays by people with less income (Peña-Chocarro 
et al. 2009, p. 109), despite its lower productivity and higher 
workload requirements, such as for dehusking, but this could 
have been perceived in a different way in the past. The 
Table 4  Cultivated plant list from the archaeobotanical analyses of the Neolithic wells studied in southern France (for cereals only grains are 
shown)
 Vegetation History and Archaeobotany
1 3
villages where einkorn is still grown nowadays are intimately 
associated with traditional uses of the crop by-products such 
as the use of einkorn straw for thatching, and for making hats 
and other things (Peña-Chocarro et al. 2009, p. 109; Hajnal-
ová and Dreslerová 2010, p. 171). This might suggest that 
during MN2 there could have been a change of preference to 
a richer grain in terms of taste and nutrients, which is more 
resistant to fungi and to harsh weather but also had possible 
uses of its straw for other activities. This preference could 
have been sustained in some areas of southern France until 
the Late Neolithic period (Bouby et al. 2020b).
Climatic influence could also have determined the type of 
wheat which was grown. Glume wheats have several advan-
tages compared to free-threshing wheat. It is well known 
that their storage in spikelet form protects them from insect 
attack both in the field and in storage (Jones et al. (1986). 
Glume wheats are known for surviving harsh conditions and 
poor soils, yet still providing good yields (Laghetti et al. 
2009, p. 4), while under colder weather conditions einkorn 
is the most durable (Laghetti et al. 2009, p. 6). Emmer is also 
known to resist fungal diseases (Laghetti et al. 2009, p. 4). A 
recent palaeoclimatic model suggests that there were lower 
mean annual temperatures and particularly lower annual 
rainfall after 4000 bc in the area around Les Bagnoles (Con-
treras et al. 2018, Fig. 2). While durum wheat would have 
tolerated drier climatic conditions, a colder climate in com-
bination with lower rainfall could have been a reason for a 
reduction in productivity of naked wheat (Pala et al. (1996).
In order to test a possible influence of climate on annual 
crop productivity, we decided to use underground storage 
capacity as an indicator. Given that glume wheats are stored 
as spikelets (see above), an increase in storage capacity 
would be expected for these in MN2, if productivity and 
storage practices stayed constant. As mentioned above, 28 
features from three MN1 sites and 63 structures from seven 
MN2 sites were taken into consideration (ESM Table 1).
The comparison between the volumetric means (MN1, 
866 L; MN2, 797 L) and the medians (MN1, 855 L; MN2, 
662 L) between MN1 and MN2 unexpectedly reveals a small 
volume decrease in MN2 (Fig. 5). Actually, neither mean 
value can be considered significantly different according to 
the T test. As explained in the introduction, this contradicts 
our hypothesis that growing more glume wheats would lead 
to larger mean storage capacity values. We exclude a tapho-
nomic bias because, as shown in the results, the MN2 silo pits 
are better preserved. It is also an unexpected trend compared 
with previous diachronic evaluations in nearby regions such 
as Catalonia (Prats et al. 2020). This result may be due to vari-
ous reasons: 1, an overall lower productivity during MN2; 2, 
a more diverse storage system during MN2, including above-
ground structures or large jars, which could only be further 
investigated archaeologically; 3, a continuity of storage pit 
shape and capacity irrespective of productivity; or 4, a biased 
result influenced by our choice of sites. Although the state 
of research is still at an early stage, we interpret the lack of 
significant increase in storage values in MN2, coupled with 
the decrease of naked wheat in the record, as signs of lower 
productivity of naked wheat grown. It could be due to less 
favourable climatic conditions, as suggested above, that farm-
ers tried to compensate for by growing more einkorn, already 
present in previous phases but in small amounts, thus increas-
ing its ubiquity and absolute numbers in the MN2 record.
For the moment, it is not clear if one or all of these hypoth-
eses may play a role in explaining the decrease of naked wheat 
and increase of einkorn in MN2. Future investigations should 
look into further aspects such as crop pests or crop or arte-
fact exchange as well as other indicators of cultural influences 
(such as new house plans, funerary practices or regional pot-
tery styles) between Switzerland, southeastern France, north-
ern Italy, the western Balkans and Catalonia in order to give a 
better indication of cultural contacts among them.
Fig. 4  Comparison of ubiquities and proportions at a context level 
between pits/silos from open-air sites in southern France grouped 
into MN1 and MN2 phases. a ubiquity of each crop at a feature level 
(silo/pit) per site, wells excluded (MN1, 5 sites; MN2, 6 sites, further 
details in Table 4); b average value and standard deviation obtained 
from the proportions calculated for each crop at a feature level, 
including the wells of Les Bagnoles. (MN1, 3 sites and 6 structures; 
MN2, 5 sites and 7 structures)
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Conclusion
This paper discusses the archaeobotanical results from 
three Middle Neolithic wells at Les Bagnoles in southeast-
ern France and compares them to other similar structures 
at sites of the two phases of the Middle Neolithic period. 
The results from Les Bagnoles provide an unusually large 
amount of data that allow new detailed insights into agri-
culture in Middle Neolithic France. The large quantity of 
plant remains found at this site, in comparison to other 
investigated wells, shows how essential it is to apply the 
appropriate sampling and sample processing methodol-
ogy to such waterlogged sediments. Uncharred cereal chaff 
remains are among the first types of finds to be damaged 
by inappropriate sieving and handling of the sieving resi-
dues. At the same time, charred material is also better pre-
served in such waterlogged contexts and it was retrieved in 
significantly greater amounts from Les Bagnoles compared 
to other contemporary sites. A continuation and improve-
ment in systematic sampling and sediment processing 
techniques are therefore necessary to achieve the desired 
quality and quantity of data on Neolithic farming practices 
in the region.
The regional comparison of the available archaeobo-
tanical data shows some further gaps in research, such 
as absence of full context-level publications and clear 
dating of archaeological features and/or archaeobotani-
cal material. The review in this paper is solidly based 
on a selected choice of reliably dated features and thus 
it obtained novel results. Our results partly corroborate 
existing chronological overviews in that there is a slight 
decrease in the presence of naked wheat and increase of 
glume wheats. The difference is that in our study, einkorn 
is more predominant in refuse deposits from open-air sites 
dated after 4000 cal bc. These results indicate that the 
increase in interest towards this crop happened before the 
Late Neolithic, as suspected until recently. The compari-
son of the archaeobotanical results with the underground 
storage capacity values revealed unexpected patterns that 
suggest increased instability in crop productivity which 
probably affected naked wheat crops, coupled with the 
increased presence of glume wheats, which from then 
onwards became more important in the record. This inte-
grated approach opens new ways of dealing with factors 
affecting crop choice in prehistory. This comparison shows 
that by looking at the same data but examining it accord-
ing to the type of context, such as silos, new perspectives 
appear, as well as new questions. Further insights may 
be gained in the future by integrating other proxies such 
as stable isotope analysis of grains and evidence for crop 
pests in the region, which are currently in progress within 
our AgriChange project.
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